Abstract: Decomposition of the urban water footprint can provide insight for water management. In this paper, a new decomposition method based on the log-mean Divisia index model (LMDI) was developed to analyze the driving forces of water footprint changes, attributable to food consumption. Compared to previous studies, this new approach can distinguish between various factors relating to urban and rural residents. The water footprint of food consumption in Xiamen City, from 2001 to 2012, was calculated. Following this, the driving forces of water footprint change were broken down into considerations of the population, the structure of food consumption, the level of food consumption, water intensity, and the population rate. Research shows that between 2001 and 2012, the water footprint of food consumption in Xiamen increased by 675.53 Mm 3 , with a growth rate of 88.69%. Population effects were the leading contributors to this change, accounting for 87.97% of the total growth. The food consumption structure also had a considerable effect on this increase. Here, the urban area represented 94.96% of the water footprint increase, driven by the effect of the food consumption structure. Water intensity and the urban/rural population rate had a weak positive cumulative effect. The effects of the urban/rural population rate on the water footprint change in urban and rural areas, however, were individually significant. The level of food consumption was the only negative factor. In terms of food categories, meat and grain had the greatest effects during the study period. Controlling the urban population, promoting a healthy and less water-intensive diet, reducing food waste, and improving agriculture efficiency, are all elements of an effective approach for mitigating the growth of the water footprint.
Introduction
Water scarcity is being globally recognized as a serious and growing concern [1] . More than half of the world's population now lives in cities, and the very rapid urban population growth expected in the next few decades will place more stress on water resources [2, 3] . China's historically rapid urbanization has led to two-thirds of China's 669 cities having water shortages [4] . Furthermore, urbanization also places a greater demand on the food system, as resident incomes rise and urban diets evolve [5] [6] [7] . Food systems, driven by human patterns of consumption, are responsible for 70% of freshwater consumption [8] , illustrating a significant link between food consumption and water use. In order to address these critical problems concerning food and water, the water footprint (WF) attributable to urban food consumption has recently received increasing attention. 
Methods and Case Study

Urban WF Accounting
In this study, the bottom-up method was used to calculate the urban WF of food consumption, including the consumption of crops and livestock. The WF includes three categories: a blue WF, green WF, and grey WF. The blue WF is defined as the surface and ground water consumed during production, the green WF refers to productive precipitation, and the grey WF refers to the volume of water used to assimilate the load of pollutants, so that acceptable water quality standards are met [33] . In this paper, only the blue WF and green WF were quantified, while the grey WF was ignored, due to the limited availability of data on the agricultural pollution load and the consequent uncertainty concerning the environmental impact of its use [33] [34] [35] . Additionally, the Water Footprint Assessment (WFA) approach was adopted in order to calculate the aggregated WF of blue and green water, though this aggregation is debated [36, 37] . The WF of urban food consumption was calculated using the following equation:
where WF food,cons represents the WF of food consumption (m 3 /year), VWC[i] is the virtual water content (VWC) of the agricultural product i (m 3 /ton), and C[i] is the consumption (ton/year) of agricultural product i in the city. The calculation of the VWC value differs between crops and livestock. For crops, it was a weighted average VWC value for local and imported crops. The VWC value of local crops was calculated with CROPWAT software, developed by the Food and Agriculture Organization [12] . The VWC of imported crops was adopted by Hoekstra and Chapagain's calculation [38] . When considering livestock, the VWC value of Chapagain and Hoekstra's research was applied in this research, having noted data availability [39] .
When calculating the boundary, crops included grains, oil crops, vegetables, fruits, and tea, while livestock products included pork, beef, lamb, chicken, eggs, and dairy products.
LMDI Methodology on WF of Food Consumption
The LMDI approach was used to analyze the factors that affect changes in the WF of urban food consumption. It has been shown that the water footprint is highly related to factors such as water-use efficiency, diet patterns, the urbanization rate and the population [25, 38, 40] . Thus, to quantify the different effects of urban and rural residents on the WF, a new decomposition method was formulated that considered WF intensity (which refers to the water consumption per kg of the agricultural products), the food consumption structure, the food consumption level (which is represented by per capita food consumption in kg), the urbanization rate, and the population. The index decomposition analysis of urban water consumption was as follows:
where, WF is the total WF of food consumption in the city, and WF u and WF r are the WF of urban residents and rural residents, respectively. WF i u and WF i r are the urban and rural WF of agricultural products i, respectively. C i u and C i r represent the urban and rural consumption of agricultural products I, respectively. C u and C r are the total food consumption of urban and rural residents, respectively. P u and P r are the number of urban residents and rural residents, respectively, and P is the total population. I i u and I i r represent the urban and rural WF intensity, respectively. S i u and S i r refer to urban and rural food consumption structures, respectively. V u and V r are the urban and rural per capita Sustainability 2017, 9, 135 4 of 14 food consumption, respectively. U is the urban population rate, and U is the proportion of the rural population. Here U + U = 1.
According to the LMDI method [41] , the change in WF consumption between base year 0 and target year t can be broken down into the following formula:
where ∆WF u (I), ∆WF u (S), ∆WF u (V), ∆WF u (U), and ∆WF u (P), are the effects of the five factors contributing to the WF change of urban residents. They refer to WF intensity, the structure of food consumption, the level of food consumption, the urban population rate, and the population, respectively. Factors ∆WF r (I), ∆WF r (S), ∆WF r (V), ∆WF r (U'), and ∆WF r (P), represent those effects of rural residents. Each effect's contribution to the change in the urban WF of food can be calculated using the following formulation: [42] . Xiamen was therefore identified as a "water-poor" city by the Chinese National Ministry of Water Resources. The rapid growth of the population, however, has resulted in a rising food consumption in Xiamen City. The total food consumption rose from 620.22 kt in 2001, to 968.00 kt in 2012. This obviously required more water for the production of food.
The research period ran from 2001 to 2012. The data for basic social and economic food production, consumption, and trade, were obtained from the Yearbook of Xiamen Special Economic Zone (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . For calculating the local VWC of crops, the data for climate, crop types, cultivation times, and soil conditions, were taken from the Yearbook of Xiamen Special Economic Zone (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) , and the crop coefficients were obtained from the CROPWAT database [43] .
Results and Discussions
WF of Food Consumption in Xiamen
As shown in Figure 1 
Results and Discussions
WF of Food Consumption in Xiamen
As shown in Figure 1 , the total WF attributable to Xiamen's food consumption increased rapidly from 725. In terms of food categories, meat and grain had the greatest effect on the total WF over the study period. As shown in Figure 2 , the proportion of the grain WF dropped from 32.82% to 17.84%, while the proportions of the meat WF and the dairy WF increased from 43.41% and 1.94% in 2001, to 59.23% and 3.69% in 2012, respectively. Except for grain, the proportion of oil crops, vegetables, fruit, and tea, also experienced a decrease during the period, specifically from 2.27%, 4.15%, 6.01% and 3.67%, to 1.83%, 3.40%, 5.63% and 2.56%, respectively. In terms of food categories, meat and grain had the greatest effect on the total WF over the study period. As shown in Figure 2 , the proportion of the grain WF dropped from 32.82% to 17.84%, while the proportions of the meat WF and the dairy WF increased from 43.41% and 1.94% in 2001, to 59.23% and 3.69% in 2012, respectively. Except for grain, the proportion of oil crops, vegetables, fruit, and Sustainability 2017, 9, 135 6 of 14 tea, also experienced a decrease during the period, specifically from 2.27%, 4.15%, 6.01% and 3.67%, to 1.83%, 3.40%, 5.63% and 2.56%, respectively. 
Decomposition of the WF of Urban Food Consumption
The results of the decomposition of the WF attributable to urban food consumption (WFu) are shown in Figure 3a . The overall trend shows that the population, food consumption structure, urbanization rate, and WF intensity, acted as positive effects on the increase in the WF from 2001 to 2012. The population effect contributed most towards the WFu growth; this was followed by the urbanization rate and the effects of the food consumption structure and WF intensity. The population increased rapidly, from 2.19 million residents in 2001, to 3.67 million residents in 2012, representing an annual growth rate of 4.81%. At the same time, the urbanization rate increased from 72.4% in 2001, to 86.5% in 2012. The food consumption structure has a small positive effect, due to increasing meat consumption and decreasing grain consumption, as shown in Figure 2 . The level of food consumption, however, had a negative effect on the results during most of the period. The detailed cumulative effects, in terms of food categories in urban areas during the research period, are shown in Table 1 ; this will be discussed further. 
The results of the decomposition of the WF attributable to urban food consumption (WF u ) are shown in Figure 3a . The overall trend shows that the population, food consumption structure, urbanization rate, and WF intensity, acted as positive effects on the increase in the WF from 2001 to 2012. The population effect contributed most towards the WF u growth; this was followed by the urbanization rate and the effects of the food consumption structure and WF intensity. The population increased rapidly, from 2.19 million residents in 2001, to 3.67 million residents in 2012, representing an annual growth rate of 4.81%. At the same time, the urbanization rate increased from 72.4% in 2001, to 86.5% in 2012. The food consumption structure has a small positive effect, due to increasing meat consumption and decreasing grain consumption, as shown in Figure 2 . The level of food consumption, however, had a negative effect on the results during most of the period. The detailed cumulative effects, in terms of food categories in urban areas during the research period, are shown in Table 1 ; this will be discussed further. 
Water Footprint Intensity Effect
The effect of WF intensity acted as a weak positive factor at the end of the research period. The WF growth led by WF intensity was 22.72 Mm 3 between 2001 and 2012, accounting for only 3.36% of the total WFu change. Positive effects indicated a higher blue and green water evapotranspiration intensity in agriculture production that may have been caused by changes in temperature, wind speed, and humidity. In terms of food categories, the accumulative WF change caused by water 
The effect of WF intensity acted as a weak positive factor at the end of the research period. The WF growth led by WF intensity was 22.72 Mm 3 between 2001 and 2012, accounting for only 3.36% of the total WF u change. Positive effects indicated a higher blue and green water evapotranspiration intensity in agriculture production that may have been caused by changes in temperature, wind speed, and humidity. In terms of food categories, the accumulative WF change caused by water intensity relating to the change in grain proportion, was 20.90 Mm 3 between 2001 and 2012, and that by water intensity relating to the change in fruit proportion, was 10.82 Mm 3 . The WF intensity change relating to the change in vegetable proportion, however, had a negative cumulative effect on WF change (−8.75 Mm 3 ), and those relating to changes in oil crops and tea proportions also had very small negative effects. 
Food Consumption Structure Effect
Overall, the increase in WFu, led by the structure of food consumption, was 130.66 Mm 3 between 2001 and 2012. In terms of food categories, the accumulative WFu increase from meat had the greatest positive effect, with an increase of 206.93 Mm 3 between 2001 and 2012. The categories of dairy, vegetables, and eggs, also had positive effects. Grain consumption, however, acted as a neutralizer for the WF growth; it accounted for −82.12 Mm 3 of the WF change. Oil crops, fruit, and tea, had small negative effects. These results demonstrated that Xiamen changed its diet from a vegetable-rich style, to one that included more products of animal origin. Additional details on the urban food structure are shown in Figure 4 . From 2001 to 2012, the proportion of meat in food consumption increased from 9.69% to 16.47%, while that of grain decreased from 26.47% to 16.65%. 
Food Consumption Level Effect
The level of food consumption was the only negative factor, declining due to the decrease in the urban WF of food consumption between 2001 and 2012. The decreased food consumption level indicated a decrease in the physical weight of food consumed. This did not mean, however, that the nutrition of food decreased as the diet changed from a vegetable-rich style, to one that included more products of animal origin. Among the subgroup factors, meat and grain contributed the most to the cumulative WFu decrease, caused by the food consumption level over the research period. 
Urban Population Rate Effect
The rapid urbanization in Xiamen, from 72.36% in 2001, to 86.46% in 2012, had a significant influence on WF growth. The increase in the WFu value, led by the urban population rate, accounted for 182.73 Mm 3 . Within the urban rate effect, the cumulative WFu change from meat represented the largest proportion in 2012, with a value of 108.53 Mm 3 . Grain was the second-most important 
Food Consumption Level Effect
The level of food consumption was the only negative factor, declining due to the decrease in the urban WF of food consumption between 2001 and 2012. The decreased food consumption level indicated a decrease in the physical weight of food consumed. This did not mean, however, that the nutrition of food decreased as the diet changed from a vegetable-rich style, to one that included more products of animal origin. Among the subgroup factors, meat and grain contributed the most to the cumulative WF u decrease, caused by the food consumption level over the research period. 
Decomposition of the WF of Rural Food Consumption
The results of the decomposition of the WF of rural food consumption (WF r ) are shown in Figure 3b . The population, WF intensity, and food consumption structure, were positive factors between 2001 and 2012, while the rural population rate and food consumption level were overall negative effects. Among the positive factors, the population was the main contributor to the increased WF of rural food consumption, as its effect was much greater than that of the other positive factors. The rural population rate effect was the largest contributor to a decrease in WF r , especially from 2009 onwards. The level of food consumption had a weak negative effect. During the research period, WF r showed an overall increasing trend between 2002 and 2008, but has been decreasing since 2009. The overall trend was dominated by the positive population effect and the negative rural population rate effect. The detailed cumulative effects in terms of food categories during the research period are shown in Table 2 and will be discussed further. 3 to the increase in the WF. The increase of the WF r was slightly weakened by the consumption of vegetables (−0.78 Mm 3 ), tea (−0.53 Mm 3 ), and oil crops (−0.10 Mm 3 ). Compared to urban areas, there was a smaller WF increase from grain consumption in rural areas, while the proportion of grain consumption in rural areas was much higher.
Food Consumption Structure Effect
During the study period, the increase in WF r from the structure of food consumption was 6.93 Mm 3 . In terms of food categories, tea represented the largest contribution to the cumulative WF r increase, which was 16.38 Mm 3 between 2001 and 2012. Meat consumption represented the second-largest contribution to the increase (6.33 Mm 3 ). Among the negative contributors, grain contributed the most; its value was −23.69 Mm 3 . The change in the food consumption structure in rural areas is shown in Figure 5 . The proportion of grain in rural food consumption decreased from 59.68% in 2001, to 47.96% in 2012. Unlike the change of food consumption in urban areas, however, the proportion of meat consumption in rural areas did not increase much, with a value of only 1.5% during the research period. The proportion of tea increased by only 0.98%, but the WF r increase from tea was significant due to the high WF intensity of tea. Figure 5 . The proportion of grain in rural food consumption decreased from 59.68% in 2001, to 47.96% in 2012. Unlike the change of food consumption in urban areas, however, the proportion of meat consumption in rural areas did not increase much, with a value of only 1.5% during the research period. The proportion of tea increased by only 0.98%, but the WFr increase from tea was significant due to the high WF intensity of tea. 
During the study period, the increase in
WFr from the structure of food consumption was 6.93 Mm 3 . In terms of food categories, tea represented the largest contribution to the cumulative WFr increase, which was 16.38 Mm 3 between 2001 and 2012. Meat consumption represented the secondlargest contribution to the increase (6.33 Mm 3 ). Among the negative contributors, grain contributed the most; its value was −23.69 Mm 3 . The change in the food consumption structure in rural areas is shown in
Food Consumption Level Effect
The level of food consumption increased a small amount during the research period. The WFr change based on the effect of the food consumption level was 13.94 Mm 3 between 2001 and 2012. The WFr decrease mainly resulted from changes in grain and meat consumption. From 2001 to 2012, the WF change from grain was −6.24 Mm 3 , and that from meat was −4.85 Mm 3 .
Rural Population Rate Effect
The rural population rate dropped between 2001 and 2012 due to rapid urbanization in Xiamen. Accordingly, this caused a significant decrease in the WFr. Consequently, the rural population rate effect was the most important negative factor for rural WF change. The WF decrease attributable to changes in the urbanization rate in rural areas, was −168.21 Mm 3 , which was larger than the total WF decrease in rural areas (−32.22 Mm 3 ). In terms of food categories, grain and meat were the largest contributors to the decreased WF.
Population Effect
The rapid population growth in Xiamen also had a positive effect in rural area's WF change, even though the rural population rate decreased during the research period. Considering all of the factors that contributed towards rural food consumption WF change, the population effect was the most important positive factor. The cumulative contribution of the population effect was 129.28 Mm 3 
Rural Population Rate Effect
The rural population rate dropped between 2001 and 2012 due to rapid urbanization in Xiamen. Accordingly, this caused a significant decrease in the WF r . Consequently, the rural population rate effect was the most important negative factor for rural WF change. The WF decrease attributable to changes in the urbanization rate in rural areas, was −168.21 Mm 3 , which was larger than the total WF decrease in rural areas (−32.22 Mm 3 ). In terms of food categories, grain and meat were the largest contributors to the decreased WF.
Population Effect
The rapid population growth in Xiamen also had a positive effect in rural area's WF change, even though the rural population rate decreased during the research period. Considering all of the factors that contributed towards rural food consumption WF change, the population effect was the most important positive factor. The cumulative contribution of the population effect was 129.28 Mm 3 during the research period. In terms of food categories, WF r growth from grain and meat consumption accounted for 44.02% and 41.10% of the population effect in 2012, respectively.
Cumulative Effect of WF Change of Food Consumption in Xiamen
From 2001 to 2012, the total water footprint change in Xiamen was 675.53 Mm 3 ; the cumulative effect of its decomposition is shown in Figure 3c . The population effect contributed the most towards this change, with a figure of 565.92 Mm 3 ; it accounted for 87.97% of the total WF growth. The growth trend led by the population effect slowed down after 2008, which was coincident with the growth trend of the population growth in Xiamen. The results indicated a close relationship between population control and the WF. As one of the most important cities in southeast China, however, the population in Xiamen is projected to grow to 5 million in 2020. This will require more water for producing food to meet the consumption need. In terms of food categories, meat and grain consumption were the main contributors from 2001 to 2012, as shown in Table 3 .
The food consumption structure also played an important role in the WF change; this led to a cumulative 137.59 Mm 3 WF change between 2001 and 2012. Urban areas represented 94.96% of the WF increase, attributable to the food structure effect. This indicated that changes in diet structure occurred mainly in urban areas and that relatively little change occurred in rural areas. In terms of food categories, meat was the main positive contributor, while grain was the main negative contributor. A change in diet is expected to continue to, placing further pressure on water resources, as China still exhibits less livestock consumption than other rich Asian countries [32] .
The effect of WF intensity was a weak positive factor between 2001 and 2012. The cumulative WF change from WF intensity was 36.44 Mm 3 during the period; this was smaller than the effects of the population and food consumption structure. In terms of food categories, grain had the greatest positive effect on the value. The urbanization population rate caused a significant WF increase between 2009 and 2012, while the growth trend was mitigated by a significant decrease resulting from the rural population rate effect.
The urbanization rate had a very limited cumulative effect on the total WF change, accounting for 14.52 Mm 3 between 2001 and 2012. The effect of the urbanization rate in urban areas on WF change, however, was 182.73 Mm 3 , while the effect of the urbanization rate in rural areas was −168.21 Mm 3 . This offset resulted in little cumulative effect on the change in the WF. In terms of food categories, meat acted as the main positive factor, while grain acted as the main negative factor.
The effect of the food consumption level was the most important force mitigating the WF of food consumption in Xiamen in the aggregate during the research period. The cumulative WF decrease caused by the food consumption level was −111.17 Mm 3 between 2001 and 2012. This trend was dominated by the effect of the food consumption level in urban areas; this represented 87.46% of the total effect of the food consumption level. In terms of food categories, meat and grain were the main contributors to the decrease. 
Conclusions
In our study, the WF of food consumption in Xiamen City from 2001 to 2012 was evaluated. A new decomposition method based on LMDI was developed in order to analyze the driving forces of WF changes, attributable to food consumption. These forces included the population, the food consumption structure, the food consumption level, water intensity, and the urbanization rate. Compared to previous studies, the new method had the potential to reveal the different contributions of urban and rural residents. The main conclusions are as follows:
(1) From 2001 to 2012, the WF of food consumption in Xaimen increased by 675.53 Mm 3 , representing a growth rate of 88.69%. The total WF was dominated by the urban WF and the proportion of this WF increased during the research period. In terms of food categories, meat consumption contributed the most towards the total WF and the proportion of the WF attributable to meat consumption increased between 2001 and 2012. The proportion of grain decreased; this was another important contributor to the WF. These results indicated that there was a shift in diet structure, caused by urbanization and per capita income.
(2) Among the positive driving forces, the population contributed the most, influencing WF change in urban and rural areas alike. Xiamen's population expanded rapidly due to migration from other areas, significantly enhancing the WF increase. Population expansion resulted in more food consumption, which in turn resulted in a higher food consumption WF.
(3) As the second-largest contributor, the food structure also had a considerable effect on WF change in Xiamen between 2001 and 2012. A similar conclusion has also been shown in other research, illustrating that diet pattern can affect the WF [44] . During the research period, Xiamen experienced a shift in diet from a vegetable-rich style, to a livestock-rich style. The decomposition results showed that the diet shift occurred mainly in the urban areas, while it only changed a little in rural areas. The increased income of urban residents undoubtedly resulted in a more livestock-rich food consumption lifestyle. A healthy and less water-intensive diet should be promoted in the future.
(4) The effect of water intensity was a weak positive factor for the whole city during the research period. This reflected a higher blue and green water evapotranspiration intensity in agriculture production that may have been caused by changes in temperature, wind speed, and humidity. Implementation of water-saving technologies may reduce green and blue water consumption by agriculture production. An adjustment in the food consumption structure could also affect agriculture production, and thus change the WF. Scherer and Pfister's calculated global water scarcity indices for the decades 1981-1990 and 2001-2010 , and concluded that increased water consumption, rather than climate change, plays a more important role in the increase of water scarcity [45] . Our study supports this, illustrating that other factors, rather than climate change, are more responsible for the increase of the WF of food consumption. The results indicate that population and diet patterns are greater concerns than those relating to climate change, in terms of water management.
(5) The effect of the urban/rural population rate was very limited, offset by the effect of the whole city's WF change. The effect of the WF change in specifically urban and rural areas, however, was individually significant. The cumulative WF change from the effect of the urban population rate effect increased rapidly, while that from the rural population rate effect decreased.
(6) The food consumption level was the only driving force mitigating the WF increase, especially in urban areas. The decreased food consumption level only indicated a decrease in the physical weight of food consumed; this might be due to less food waste in Xiamen. Efforts to reduce food waste are meaningful for reducing the urban WF. As the diet changed from a vegetable-rich style to a livestock-rich style, the decrease did not mean that the nutrition of food also decreased.
In this paper, the LMDI decomposition of the driving forces of WF change provide insight for urban WF management. There are some uncertainties in this research, however, such as in the estimation of blue and green water use for food consumption. In further studies, additional and more accurate data collection on the origin of imported food for Xiamen's consumption, should be achieved.
